In the past the experimental study of evaporation, and the interpretation of the results obtained, have shown in general only meagre reference to the aerodynamics of the problem. The present treatment, which is concerned with the evaporation from plane, free-liquid sur faces of relatively small dimensions into a tangential air stream, demonstrates the importance of the type of boundary layer flow. The rates of evaporation under the influence of a turbulent boundary layer are then tested against a hydrodynamical theory due to O. G. Sutton.
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1.
In the numerous experimental researches on the evaporation from a plane, liquid surface, and in various attem pts to collate the results of different workers, there occurs only meagre reference to the basic aerodynamics of the problem. By employing non-dimensional parameters, Powell (1942) has shown the results of many workers to be in encouraging agreement, but the only known example of interpretation on the basis of mathematical theory is due to Millar (1937) , who employed the treatm ent of eddy transfer developed by Sverdrup (1936) , and in order to obtain good agreement between theory and experiment Millar found it necessary to adjust the value of a constant in von K arm an's (1934) expression for skin friction.
The present analysis of the problem includes considerable reference to the con ditions of airflow over the evaporating surface, and the results are examined in the light of a theory of turbulent transfer due to O. G. Sutton (1934) . The experimental work described is incomplete in th at it is restricted to liquid surfaces of a few hundred square centimetres in extent, and to airflow which is typical of turbulent flow over smooth surfaces in wind tunnels and ducts, and the proposed generalization of Sutton's theory is largely dependent on general physical arguments. I t is suggested, however, that the treatm ent constitutes an approach towards a comprehensive reduction of the problem, and also provides a means of calculating absolute magni tudes in evaporation under certain prescribed circumstances. Finally, in con sideration of the broader implications of the theoretical treatm ent, opportunity is taken of analysing certain relevant data on heat transfer due to Elias (1929 Elias ( , 1930 .
E x p e r i m e n t a l
2.
In the experimental treatm ent of the problem the evaporating area takes the form of either a true free-liquid surface, in which case the liquid is contained in a pan, or of a thin sheet of absorbent material impregnated with the liquid. The pan technique suffers from the disadvantage of possible spillage in manipulation, except a t the expense of incurring ' ridge ' effects when the liquid is maintained a t a safe level below the rim of the pan, although this difficulty may be overcome by the method adopted by Hine (1924) , in which the evaporating pan is fed continuously with liquid, and arranged to overflow into a larger pan underneath. The impregnated absorbent surface cannot be regarded without restriction as representative of a free-liquid surface, but there appears to be no difficulty in providing an adequate practical approximation, and the risks of spillage and ridge effects are thereby largely obviated. From observations of the wet-bulb temperatures of thermometers covered with a free-water surface, and with linen, filter paper and gelatine im pregnated with water, Powell (1942) has shown th at the vapour pressure at the surface of moistened filter paper and similar materials does not differ appreciably from th at at the surface of free water. In the present investigation with various liquids, it was found th at a W hatman no. 1 filter paper initially flooded with liquid gave rise to a sensibly constant rate of evaporation for a considerable portion of the drying period. This constant rate of evaporation is most naturally identified with the free-liquid rate of evaporation.
The method of estimation most frequently adopted involves a straightforward gravimetric or volumetric measurement of the loss due to evaporation. In Powell & Griffiths's experiments (1935) , however, water was fed at a known rate to a linen surface and the excess water draining off was collected and measured, while in an alternative method employed by the same workers the rate of evaporation was derived from the difference between the electrical energy required to maintain the wet surface at a specified temperature, and th at required when no evaporation was taking place. Wade (1942) , in a more recent investigation with various organic liquids, adjusted a continuous feed of liquid so as to maintain the level of liquid flush with the rim of the container.
Evaporation from p l a n e , free-liquid surface into turbulent air stream The aim in the present investigation was to employ the simplest apparatus and technique available, and the direct gravimetric method was applied to the case of a wet filter paper stretched on a glass plate. W hatman no. 1 filter papers were employed, and these were maintained sufficiently moist to ensure th at the rate of evaporation was appropriate to that from a free-liquid surface. The periods of evaporation were adjusted to give a loss of between 2 and 3 g. of liquid, and the loss was measured by an indicating balance which direct test had shown to be reliable to 0-03 g. In order to minimize the delays between weighing and exposure, the indicating balance was set up as closely as possible to the wind tunnel, and control measurements verified that the errors so introduced were within the limits of the experimental error in weighing.
The wind tunnel, in its original form, is shown diagrammatically in figure 1 , and the various types of evaporation plates in figure 2. The section containing the wooden honeycomb and gauze was dispensed with after certain preliminary experiments, for reasons which are discussed later, and a new faired entrance was built on in the position indicated by the broken lines in figure 1.
3.
While the preliminary experiments are not the main concern of the present analysis, it is proposed to give a brief discussion of the results obtained in view of the appearance of certain effects which have not been noted in the majority of previous investigations. These experiments employed the evaporation plate shown in figure 2 A, and were concerned with the rate of evaporation of bromobenzene from an area 20 cm. across wind by 10 cm. downwind, as a function of wind speed and position on the evaporating plate. Relative rates of evaporation, corrected for temperature variations according to the principles discussed later, are shown in figure 3 . The notable feature is th at whereas the results of previous workers relate rate of evaporation and wind speed by a simple power law, the present results show a marked rise in rate of evaporation at a wind speed which appears to depend on the position of the evaporating strip on the glass plate. It was most natural to identify this effect with the transition from laminar to turbulent flow, and the existence of critical conditions of flow was indeed demonstrated by photographic observation of smoke flowing over the evaporating plate. Further verification may be sought in the investigation due to Dry den (1936a) on the transition from laminar to turbulent flow on an aerodynamically smooth flat plate exposed tangentially to air streams of different degrees of turbulence. For u'/u equal to 0-velocity and u' denotes the root mean square of the turbulent velocity com in the direction of the main stream, Dryden found th at transition began at a distance x from the leading edge of the plate when the Reynolds number uxjv was equal to 106. In the present investigation the value of was 0-0049, according to measurements made by Mr L. F. G. Simmons of the National Physical Laboratory, but the relatively rough leading edge and filter-paper surface are conducive to a .more rapid onset of transition, and on this basis the Reynolds number of 105 deduced from the results of figure 3 is in reasonable accord with the value given by Dryden.
Evaporation from p l a n e , free-liquid surface into turbulent air stream The above results demonstrate the necessity of directing attention to the aero dynamics of the experiment, and it is indeed surprising th at in general similar effects have not been described hitherto. So far as can be ascertained the only previous reference is th at due to Skljarenko & Baranajew (1936) , who measured the rates of evaporation of several liquids from a surface of area 4 sq. cm., and found th at the relative rates of evaporation exhibited a sudden change with the transition from laminar to turbulent flow in the air stream. It is, however, conceivable th at most previous investigators have employed a boundary layer either laminar or turbulent, but never transitional.
Method (i) was impracticable, and (ii) gave difficulties owing to the vigorous tu r bulence in the wake of the wire. The most satisfactory result followed from a com bination of (iii) and (iv). A higher degree of turbulence was introduced in the free stream by merely removing the whole section containing the gauze and honeycomb, and the evaporating surface was made effectively part of the wind-tunnel wall by using either of the arrangements shown in figure 2 B and C. As there was no significant difference in the results obtained with these two types of evaporation plate, no further distinction will be made, and both types may be designated by the term 'wall plate', in contrast to the 'free-stream p late' shown in figure 2 A.
The complete investigation included the determination of the rate of evaporation of bromobenzene as a function of wind speed for three surfaces, namely, circular, 12 cm. radius, square, 19 by 19 cm., rectangular, 20 cm. across wind by 10 cm. downwind, followed by the determination of the rates of evaporation of bromobenzene, aniline, methyl salicylate and water from the circular area at a constant wind speed. W ith the exception of water, which was distilled in the laboratory as required, B.D.H. reagents were employed in all cases. A summary of the vapour pressures adopted in the analysis of the results is given in table 1. 
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During evaporation experiments the room containing the wind tunnel was ven tilated so as to avoid the building up of vapour concentrations of a magnitude sufficient to influence the rate of evaporation. Control observations of wind speed at the downstream end of the working section, and of air temperature in the working section, were carried out during each exposure of the evaporating surface, the former observation employing a sensitive cup anemometer of the type described by Shep pard (1940) . In conjunction with experiments with water, wet-and dry-bulb temperatures were also observed by means of an Assmann psychrometer mounted upstream of the evaporation plate. Subsequently the above control observations were related to the more appropriate factors of liquid-surface temperature and wind-velocity profile over the evaporation plate. An approach to the true surface temperature of the evaporating surface was obtained by using a surface therm o m eter' of the Negretti and Zambra type, which is essentially an ordinary mercuryin-glass thermometer with a thin flat metal disk attached to the thermometer bulb. The wind-velocity profile in the first few centimetres above the centre of the evapor ating surface was measured by a small pitot-static tube of outside diameter 0*3 cm., used in conjunction with a Chattock-Fry gauge.
5. In view of the general lack of attention paid by previous workers to the question of velocity profile over the evaporating surface, it is desirable to discuss this point briefly with reference to the results of the present investigation.
Employing the experimental resistance law for turbulent flow through tubes and assuming for the velocity profile the convenient form
where r is the radius of the tube and y represents the distance from the wall, von Karman (1921) and Prandtl (1925) deduced the value of y for q. This relation has been substantially verified by experiment, although it is now known th at the index q decreases with Reynolds numbers above about 50,000. By analogy with flow through tubes, von Karman (1921) and Prandtl (1927) assume the 'one-seventh' power law to apply to turbulent flow over a smooth flat plate, and although this relation has since been superseded by a more rigorous formula having theoretical basis (von Karman 1934), the approximation is still regarded as adequate in many problems. The present observations of the velocity profile demonstrate a law of the type discussed above for the height range 0-4-1-2 cm. above the evaporating surface. No observations were made below 0-4 cm. owing to the possibility of serious inter ference between the pitot-static tube and the surface, while above 1-2 cm. there was evidently a transition region between the boundary layer profile and the constant free-stream velocity. Two distinct series of observations were carried out, separated by a period of more than a year, the appropriate values of q being 0-135 and 0-123, in reasonable agreement with the customary value of y .
S u t t o n 's t h e o r y o f e v a p o r a t i o n i n a t u r b u l e n t a t m o s p h e r e
6. Sutton's analysis of the problem of turbulent diffusion is based upon the adoption of an empirical expression for the correlation coefficient R fz) between the vertical component of eddy velocity associated with a moving mass of fluid at time t, and the vertical component at time £ + viz.
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where vP is the mean square eddying velocity in the vertical direction, A is a para meter of dimensions cm.2 sec.-1, and n is an indicator of the degree of turbulence present in the medium.
Making use of G. I. Taylor's work on 'Diffusion by continuous movements (1922), Sutton then proceeded to obtain an explicit expression for the momentum inter change coefficient, and deduced the law of variation of wind with height
where u and ux are the mean wind velocities at heights 2 and zx respectively. Employing equation (2), the momentum interchange coefficient may be written
where p is the air density and k is the so-called von K arm an's constant whose value according to Nikuradse (1932) is approximately 0*4. Substituting (3) in the equation determining the shearing stress r in the air in a smooth pipe, it was then shown th at r = 0-020
as compared with the empirical expression r 0-023 pvl u{, a result which enabled Sutton to identify the parameter A as the kinematic viscosity of the air.
Having established th at the general development of the theory was in reasonable accord with fact, O. G. Sutton then turned to the two-dimensional problem of evaporation, generalizing the earlier work of Jeffreys (1918) , who employed a constant interchange coefficient and a wind independent of height, by assuming th a t the transfer of mass in a turbulent atmosphere obeys the same laws, and is governed by the same interchange coefficient as the transfer of momentum.
7.
In the steady case, the two-dimensional equation for diffusion of vapour from an evaporating surface level with the surface of the earth is (4) where x is measured downwind from the windward edge of the evaporating strip, 2 is measured vertically upwards, and V is the mass of vapour per unit mass of air Evaporation from plane, free-liquid surface into turbulent air st which is clue to evaporation from the strip. Assuming the air density to be indepen dent of height, equation (4) may be written (5) where x is the mass of vapour per unit volume of air.
Subject to a boundary condition of constant vapour density at the evaporating surface, Sutton (1934, pp. 715-717) obtained the solution for equation (5) which, while not in a form suitable for computation, enabled the deduction of a functional form for the rate of evaporation E(u, #0) from unit wid length x0 downwind, as follows
Neglecting lateral diffusion we have for a rectangular area of length x0 downwind and width y0 across wind
and for a circular area of radius f E(r) = K'ufi-nm+TtijtA the quantities K and K ' being independent of ux, xQ and r. It has been shown* th at the original solution may be expressed in the form
where ( 2 ) r l r ^w 2(2+n)/(2-w ) 
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and in the expressions (6), (7) and (8) The rate of evaporation may now be calculated from equations (7), (8), (10), (11) and (12), providing we have numerical values for n, uv zlf which follow from a knowledge of the wind-velocity profile, and for y0 and A. It is reasonable to identify X0 with the saturation vapour density at the temperature of the liquid surface, and if as a working approximation the perfect gas law be assumed to hold, then with p s as the saturation vapour pressure, M the molecular weight of the liquid, the universal gas constant and T the absolute temperature, we may evaluate y0 from the expression , v Xo= p 8MJRT.(13) According to Sutton the parameter A is the kinematic viscosity of the air, so th a t numerical evaluation of the rate of evaporation is now possible. From equations (10), (11) and (12), Before proceeding, let us consider the principal difficulties arising in a comparison of the present hydrodynamical theory with experiment. The theory assumes a wind speed constant in the horizontal direction, and a power-law variation in the vertical. In many practical cases of airflow over a plane surface the momentum boundary layer is in an early stage of development. Accordingly, the thickness of the boundary layer, which may be of the order of only a few centimetres, and the wind velocity at a given distance from the surface, vary with horizontal position. Moreover, the characteristic turbulent velocity profile is limited to the region between the thin laminar sublayer at the boundary, and the region of transition from the true boundary layer to the more or less constant free-stream velocity. Again, the applica tion of the theory to evaporating strips of finite width presupposes the absence of lateral diffusion, but this is probably the least important of the discrepancies, since tests carried out during the present investigation indicate th at for the areas employed the effects introduced by lateral diffusion amount to 3 or 4 % of the total rate of evaporation. On the above terms the theoretical treatm ent is clearly a considerable idealization of the general practical case, and the closeness of the approximation provided can only be assessed by the actual comparison with experiment.
Evaporation from plane, free-liquid surface into turbulent air stream 85 C o m p a r i s o n o f e x p e r i m e n t w i t h t h e o r y
8.
The results of the main series of experiments with bromobenzene have been related to p s, the saturation vapour pressure at the temperature of the liquid surface, and wlcm, the wind velocity at a height of 1 cm. above the centre of the evaporating strip. Comparison of theory and experiment is facilitated by reducing all results to a common unit, namely, the value calculated from the theory for u x cm equal to 5 m./sec. The appropriate values of n are obtained by equating the exponent in equation (2) to the observed value of the index in the power-law distribution of velocity with height. Then from equations (7), (8), (10) Smoothed experimental results, reduced on the above basis, are reproduced in table 3, and the individual observations are shown graphically in figure 4, from which it is seen th at there is excellent agreement between theory and experiment. The comparison of experiment with theory may now be completed by considering merely the relative rates of evaporation of the various liquids, since from equations (6), (10), (11) and (13) the rate of evaporation of a liquid should be proportional to M pJ T, other factors remaining constant. In the general case ps should be replaced by (p8-p a) , where p a is the partial pressure of vapour in the air upwind of the evaporating surface. At this stage the results obtained in the present investigation may be supplemented by those obtained recently by Wade (1942) , who employed a wind channel with a working section 12 cm. wide and 6 cm. high, and an evapor ating pan arranged so that the liquid surface was flush with the floor of the working section. Taking The complete analysis, in which the two sets of results are reduced to a common basis by taking the case of water as standard, is shown in table 4. The normal varia tions of working temperature are not significant in the present case, and average values appropriate to the present investigation (290° A) and to Wade's experiments (310° A) are adopted.
T a b l e 3. C o m p a r i s o n o f p r e s e n t o b s e r v a t i o n s w i t h t h e
The variations exhibited by the parameter denote a serious discrepancy in the implications of the theoretical treatm ent when applied to liquids with a wide range of physical characteristics. I t is to be noted th a t if water be omitted from the above considerations the range of variation of the parameter is considerably reduced, and it may be for this reason th at previous workers, notably Hofmann (1932) and Hine (1924) , conclude th a t rate of evaporation is proportional to the product M (ps-p a). Wade summarizes his results conveniently by introducing the molecular weight term raised to a power of magnitude 0-71, a form of expression which cannot be regarded as possessing physical significance, and in an attem pt to interpret the experimental facts in a more rigorous manner a generalization of Sutton's treatm ent is now set forth.
Evaporation from p l a n e , free-liquid surface into turbulent air stream 
A GENERALIZATION OF SUTTON'S THEORY
9.
The basic physical principle of 0 . G. Sutton's treatm ent is th a t in a turbulent medium, an eddy, which is considered as a mass of fluid, leaves its surroundings under the action of some external disturbing force, and, moving as a discrete body, blends continuously with the surrounding medium. Consider now an atmosphere possessing some transferable conservative property such as vapour, heat content or momentum. As the surroundings of the eddy change there will be a continuous sharing of the transferable property, and a tendency to reduce the excess or defect possessed by the eddy, until the eddy becomes indistinguishable from its sur roundings. At this stage 'mixing' is said to be complete.
Diffusion of heat, matter and momentum is therefore regarded as controlled primarily by the movement of eddies or masses of fluid, but since the sharing of these entities between an eddy and its surroundings must depend ultimately on molecular action, then it is inconceivable that the constants of molecular diffusion should not enter the general expressions for turbulent transfer. This principle is immediately verified by 0 . G. Sutton's analysis of shearing stress in a smooth pipe, on which basis the parameter A appearing in equation (1) is identified with the kinematic viscosity of the air, but so far it has proved impossible to arrive at a precise theoretical definition of the form in which the molecular constants appear in the equations of turbulent transfer in general. We resort therefore to an empirical argument as follows.
10. On the basis of Sutton's analysis of the shearing stress in the air in a smooth pipe, the expression for the momentum interchange coefficient (equation (3)) may be re-written as
where the quantity uz/v is the Reynolds number, which occurs na problems of turbulent motion. It may be noted at this stage th a t the above func tional form of A(z) is deducible from dimensional considerations, so th at the main interest lies in the explicit function f(n).
In the problem of convective heat transfer (Dryden 19366) dimensional con siderations suggest a large number of dimensionless combinations of the funda mental variables. For forced convection only, and assuming the effect of viscosity to be negligible, Dryden shows th at the controlling factor is the Peclet number, which, in the notation appropriate to the Reynolds nurfiber above, may be written uz/k, k being the thermal diffusivity. By analogy, for the case of vapour transfer, we may define the controlling factor as uz/D, which may be termed the diffusion number, where D is the vapour diffusivity.
The above considerations suggest th at the interchange coefficient for heat should be , xn
and for vapour we should expect
In the foregoing expressions for the interchange coefficient viscosity effects are implicitly involved in the sense th at the quantity n is determined by the windvelocity profile, but it may be argued th a t the kinematic viscosity should appear in more direct association with the thermal and vapour diffusivities, on the grounds th a t viscosity must influence the eddy transfer of any entity. However, in the absence of a developing boundary layer and of pronounced natural convection, conditions which are assumed in the theoretical problem and approximated to in the practical cases considered, it is considered unlikely th at viscosity will be of more than secondary importance. From this standpoint equations (15) and (16) may be regarded as close approximations to more general expressions in which k and D are dominant terms. In any case, the ultimate justification for the generaliza tion must depend on the agreement between theory and experiment.
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11.
The only modification imposed on O. G. Sutton's solution for the evaporation case is the replacement of v by D, and from equations (6), (10) and (11) it is seen th at the absolute rate of evaporation is modified in the ratio (Z)/p)2w,(2+w). Under the conditions of the main series of experiments with bromobenzene, T = 290° A, v = 0-147 cm.2 sec.-1, D (vapour to air) = 0-068 cm.2 sec.-1, and n (average) = 0-23. Values appropriate to the generalized theory may be obtained from the values on the original theory by multiplying the latter by (Z)/p)2re/(2+n), which in the present case is equal to 0-86. An inspection of table 2 shows th at no significant change in the agreement with observed values would follow from an application of this factor, and as a demonstration of this point the curve appropriate to the generalized theory is included in figure 4 .
From equations (6), (10), (11) and (13) we now see th at the rate of evaporation of a liquid should be proportional to [M (ps -p a) D2w/(2+n)]/T. In r on this basis n is assumed to have the nominal value of 0-25, which is appropriate to the customary ' one-seventh ' power-law velocity profile, and since the variations from this nominal value observed in the present investigation are not of great significance in the term 2n/(2 + n), the value of 0-25 is adopted throughout the following analysis. In table 5 Evaporation from p l a n e , free-liquid surface into turbulent air stream The values of D were obtained from International Critical Tables or calculated (*) from the empirical formula due to Gilliland (1934) , except in the case of furfural for which the value of D was measured recently (unpublished), and correspond in all cases to a total pressure of 1 atmosphere. In neglectingthe partial pressure of vapour the maximum error involved in the term D2ni(2 is 5 which, in view of the otherwise approximate nature of the calculated values of D, is considered unimportant in the present analysis.
12.
On the basis of the above analysis one may expect to predict with an error of less than 20 % the evaporation of liquids of accurately known characteristics, in the case of small plane surfaces exposed to a tangential air stream typical of turbulent flow in wind tunnels and ducts. Assuming the 'one-seventh power law of velocity distribution in the vertical, knowledge is then required of the wind speed at a height zx consistent with the latter profile. In many cases difficulty may be anti cipated in defining ux and zx accurately, but will preclude an estimate of order of magnitude, which alone may be of considerable value in many practical problems. With this end in view an examination has been made of numerous experimental researches, and four cases have been found in which it seems reasonable to assume turbulent flow, and in which a fair estimate may be made of the quantities ux and zx. The cases in poin Hinchley & Himus (1924 ), Millar (1937 and Wade (1942) , who employed without exception evaporation pans of the 'wall' type. Details which are relevant to a comparison of observed and theoretical values are given in table 6.
Except in the case of Hine's investigation it is necessary to estimate the appro priate values of zx from the meagre data available. However, since zx appears in the form z1~w /(2+n), with n equal to 0-25, a 500 % error in zx will introduce an error of only 20 % in the rate of evaporation, and such a magnitude of error in the estimation of zx is most unlikely in the cases under consideration. Hine and Wade both employed a selection of liquids, but the present comparison is restricted to those liquids for which the accuracy and number of observations was greatest, and for which accurate values of the vapour-diffusion coefficients are available. Adopting the value of 0*25 for n, consistent with the one-seventh power law of velocity distribution, absolute rates of evaporation have been calculated as previously, taking A equal to the vapourdiffusion coefficient D, and a comparison between observed and computed values is shown in table 7 and figure 5. The results appropriate to the investigation of Hinchley & Himus were actually extracted from a reanalysis of the data carried out by Himus (1929) . In all cases smoothed results are employed, and to complete the comparison the present series of observations with bromobenzene (figure 4) is included.
The most striking feature of the comparison shown in table 7 and figure 5 is th a t all observed values considered are in excess of the theoretical value, and this is consistent with the reasonable supposition th at in the case of evaporating pans the main sources of error will be the existence of ridges a t the edges of the evaporating surface, and of ripples on the surface of the liquid. In general, both effects may be expected to result in an increased rate of evaporation, the influence of ridges being demonstrated clearly in Powell & Griffiths's investigation (1935) , and it is to be anticipated th at observed rates of evaporation will be in excess of the predicted values to a degree dependent on the departure from the ideal conditions of flow upstream of the evaporating surface. Furthermore, in Hine's investigation the evaporating pan became warped, and a steel plate was placed on the edge of the pan to keep it level. It would appear, therefore, th at the present theory gives a very satisfactory measure of agreement in the absence of incalculable effects such as those discussed, and th at even when such effects are present, as they undoubtedly will be in many practical cases, the predicted rates of evaporation, although under estimates, are of the correct order of magnitude. T a b l e 7. C o m p a r i s o n o f v a r i o u s o b s e r v a t i o n s w i t h g e n e r a l i z e d t Evaporation from p l a n e , free-liquid surface into turbulent air stream H e a t t r a n s f e r f r o m a f l a t p l a t e b y f o r c e d c o n v e c t i o n
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13.
The foregoing theoretical analysis may be applied to the turbulent diffusion of heat in the boundary layer over a smooth surface, in which case the concentration X occurring in the evaporation problem is replaced by the appropriate function of temperature in the air stream. Equations (6)-(12) then prescribe the transfer of heat by forced convection when y0 is replaced by pCpt, where Cp is the specific heat of air at constant pressure, and t is the difference in temperature between the plate surface and the free air.
On the original theory the parameter A is replaced by the kinematic viscosity v, while on the generalized version we write for A the thermal diffusivity k of the air. Owing to the closeness of the numerical values of v and k, it is clear th at experimental results are unlikely to be of sufficient accuracy to differentiate between the two forms, and at the most we may only anticipate a test of the theory in general.
The rate of transfer of heat from a heated plate by forced convection has been studied experimentally by various workers, and the investigation most appropriate to the present analysis is that due to Elias (1929 Elias ( , 1930 ). Elias exposed a smooth copper plate, electrically heated and maintained at a constant temperature, to a tangential air stream in a wind tunnel, and made a detailed exploration of the tem perature and wind velocity profiles over the plate. The temperature and wind velocity measurements were made with thermocouples and a fine glass pitot tube, the plate being mounted in a vertical plane, presumably in order to avoid the occurrence of natural convection in combination with the forced convection. It is noteworthy th at in order to approximate closely to the two-dimensional case, the observations were made on the axis of the plate which was 25 cm. wide, and, moreover, it was observed th at the velocity profile was not influenced significant^ by the heating of the plate.
Elias found th at the velocity and temperature profiles in turbulent flow were practically identical, and by computing the heat transfer, Q, from the observed distributions of temperature and velocity, showed th at Q oc u°'84 89, a result which is in excellent agreement with equation (6) when n = 0-25, and which has been quoted previously (Brunt 1939; Lettau 1939) . I t is noteworthy th at in an analysis of the experimental results of various workers, Fishenden & Saunders (1932) conclude that the heat loss is proportional to a power of u not far from 0*8.
From an examination of the experimental wind velocity profile obtained by Elias for a free-stream velocity of 35 m./sec., it is evident th at the ' one-seventh ' power law is satisfied up to a distance of at least 2 mm. from the plate over the whole length of the heated portion. The 2 mm. value corresponds to the upwind edge of the heated zone, and proceeding downwind the profile is extended to greater distances from the plate. Thus in applying equations (6), (10) and (11) we take n -0-25 and z1 = 0-2 cm. Furthermore, the observations show th at decreases from 34 m./sec. at the upwind edge to 26-5 m./sec. at the downwind edge, with an average value of 29*5 m./sec. over the whole heated zone.
Taking p = 1130 x 10-6 g./c.c., Cp = 0-237, v = 0-17 cm.2 sec."1, k = 0-24 sec.-1, for a temperature of 40° C, which approximates closely to the temperature of the plate, the theoretical values of Q, the heat loss from unit width of an area 40 cm. downwind for t = 1° C and ux = 29-5 m. sec., are 8-0 x 10-2 cal./sec.-on the original theory and 8-6 x 10-2 cal./sec.-on the generalized theory as compared with the observed value of 11*7 x 10-2 cal./sec.,
an agreement which provides a substantial verification of the general theoretical approach.
In the above calculation a more rigorous procedure would employ a weighted mean wind velocity, and would result in a higher theoretical value of However, owing to the closeness to unity of the exponent in the power-law relationship between Q and x0, the difference between the weighted and arithmetic means is insufficient to modify the agreement in a significant sense.
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